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c r a f t  i s  applicable f o r  all spacecraft 88 the missions are currently 

projected. 

nenta arise either from ckanged or edded:dssions or from more refiried 

It is  planned that t h i s  report W i l l  be revised 8 8  new require- 

analysis of' the currant; mi:islons. 



1.6 Introduction 

t 
j 

1 

par t s  thereof which are considered to be applicable t o  an orbi ta l  vah!cle and 

or), NASA/McDonnell e x p e r i e n c e  In t h e  development of the Jkrcury Spacecraft and 

1 

1 

i the Mercury Spacecraft componqnts. . I 
f 

I n3c basic d a t a ,  including vehicle ELrrangement, design w e i g h t s  tlnd e n v i r o n -  1 

The c r lwr ia  f 3r l a d s ,  tmperatures, u p r a t i o n a l  phases, an& -fariaus t 
I 

conponpnts are pres4nteQ i n  Part Three. 

The T k r p e t  9 o c k i n ~  Adap+&r c r i t e r i a  are presented in Appendix A. 
I 
! 
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PAZT 'i';!C; - -A, IC LA'! .$ 

2 . 1  Spacecraft k s c r i p t i o n  

I 

i Th.2 G e m i n i  Spacecraft general arrangemnt i s  shown i n  Figure 2.2. The 

s p c e c r a f t  cons is t s  of' t w o  basic ecct ions:  the Re-entry Module and the Ad~ipter 
~ 

Module * I 
1 

The Adapter MJdule is made up of t h r e e  sections. Adjacent t u  t h e  launch i 

vehicle I s  t h e  h u n c h  Vehicle m t i n g  L%ctlon srhich remains w i t h  the launch 

vehicle a f t e r  separation. Next i s  the Squipment Section which c a n t t i i n s  the 
i 

~ ; r o p u l s i o n ,  coqt ro l  and other equipment needed fo r  orb i t  and rendezvous. Thi8 

sec t ion  i a  retained in o r b i t  and is released prior t o  retrograde. Adjacent t o  

the Re-entry Module is  the Retrograde Section whlch contains t he  retrograde 
11 

rockets requir?d for  de-orbiting. This section i s  released following Hetrograda. 

The Re-entry Module has an intrrnal preasurc vessel for the two as t ronnu ta .  

The pressure v. tssel  Is nhaptd 80 as to leave space between it end the o u t e r  

c o n i c a l  shell f a r  equipment. In the  r e -an t ry  attitude, the f0rebod.y co? l s i s t s  

Jf an ablative type hea t  shield and the afterbody consists of hea t  r e s i s t a n t  

shlnglea .  
I 

After re-pntry, the m r l y  spacecraft  w i l l  deploy a parachute an3 

the R e - e n t r y  #3ulc  u i l l  l a i d  ir. vater  w i t h  the Z axis i n c l i n e d  to the v e r t i c a l .  

On later spacecraft ,  a paraglider w i l l  be deployed and the veh ic l e  mneuvered , 
I 

for landing by rcovlng the center of gravity r e l a t i v e  t o  the paTaGlidcr. This 

I s  accomplished by changing the lengths of the c a b l e s  between the paraa ider  

and the Re-en t ry  Madulr?. A t r i ryc l e  ski type landing geer i s  provided for l and -  

lnt' on 8 preparead desi-ated landing site. 

i 

The k i n i n i  Spac . tc rs f t  i s  d e s i g n 4  to be hunched on R 'JYtan I1 ICBM 

l a u n c h  vehl-lp. 
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51. L(  I,, MlSSOtJRI  P A G €  
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* 86 16 
RE\ ISEC, R E P O R T  

Gmini 
R E V I S E D  W N F I  U E W I A L  Mor) E L 

2.3 Spacecraft Desitp Wej.&ts 

The weights t o  be used for s t r u c t u r a l  desi@ loads are presented in t he  

following sections & i c h  correspond t o  t h e  phases for which t h e  cr i ter ia  is 

establ ished.  

o r  a maximum weight is shown far each phase, 

ducing t h e  must c r i t i c a l  loads shall be used. 

These weights are fo r  s t r u c t u r a l  design onlp. A range of weight 

Thra weight within this range pro- 

The weight d ia t r ibu t ion  used 

shall be that for a spacecraft meeting the nominal weight rsqufrements. 

trtames of t h e  ranges or t h e  mxhum w e i g h t  shall be covered by multiplying the 

The ex- 

d i s t r ibu t ion  by t h e  ratio of the extreme weight t o  t h e  nominal w e i g h t .  

nal Design Launch Weight is 7,000 lbs .  and the  incremental Weight8 correspond t o  

t h i s  value. 

The nomi- 

2.3 , l  Design Launch WeiKht (6500 t o  7500 lb8.l  

Spacecraft weight during boost phase from launch u n t i l  just prior to 

a e p r a t i o n  from the  launch vehicle ,  

2.3.2 I ~ ~ ~ J u I  Orbit Weight (64% t o  7450 l b s a  

Maxhum s p c e c r a f t  weight in orb i t .  It is t he  D e a i s  Launch Weight 

less t he  launch vehic le  mating section and propellant u t i l i z e d  during 

separation ., 

2.j03 Deaifl Hendezvous Weipkt (62% to 7200 ha,) 

Spacecraft weight for  docking laads and manemvex- loads after docking. 

It is t he  Design Orbit 1ieigM less one half the  o rb i t  c o r r w t i o n  and 

rendezvous maneuvering propellant, 

2.3.4 Desm Retrograde Weiaht (@OO to 5800 as.) 

Spicecraft weight j u s t  p r i o r  to retrograde flring. It is t h e  

Design iienclezvous Weight less the equipnt  sect ion of t h e  adapter, 



t .  

2.3.5 Ucsi.yn Re-entry 'r!ei;$,t, (i,:150 to 5050 lb .1  

Spicecraft wei&kAt upon re-entry ktc0 t h e  atmos&ere. It is the 

Design ttetrogradc Waight less  a t t i t u d e  p m p l l a n t  4 the retrogrs.de 

section of the aaapter. 

2.3.6 DosiiZn Daployrrtmt b!cifhta 

2.3.6.1 Deai-:n Di-ojpe P a r w h u t e  Geploynent K c i g h t  (4736 l b . )  

Spacecrd t  weight a t  the time of deploying the drogue 

pcu'achute andlor p i l o t  parochute 

2.3.6.2 Desim Main P;lrachiit,e Deployment \leight (L@O Ib.) 

Spacecraft weighti incluciing parachute a t  tho t i a e  of 

deploying the loa*, pa.r&cnutc. 

2.3.6.3 DesQn P,rar.;Lider Deployment \!ei&t (3650 to 4:,50 ID. 1 
Sp6cecraft weight  at t h e  tine of  i n i t i a t h g  the para.gliaer 



c 

2.3.9 beaisn ka t e r  ilccovory ;!e!.rrht (5500 to 6500 lb. ) 

This is t h e  w e u n t  t o  be hois ted after a water landing. It is the 

Design F l o t a t i o n  Weight plus  2 2 0  15. of trapped water. 

2 3 - 0  Dcsim Abort \lei.qht (4990 t,o 5900 lb.) 

The s p x c r a f t  weight at tne h i t i a t i o n  of separation fr0X t h e  

launch vehicle f o r  an abort. 

bunch  vehicle mating sect ion and t h e  eqGipraent section of the Adapter,  

a , U .  Design Transportation Wci;-,ht (6030 Lb .) 

It i s  t h e  Deeign hunch Weight lsss t:ie 

\ 
The weiel;ht f o r  hoisting, handlinc, and t r snspor t ing  E S  a uiidt. 

2 4 Standard f,tr.s:?r,cre 

dl loads aria t eqe ra t i i r e  ca l cu la t ions  s h a l l  be based on the" at;,.s.. ..\ A ~ c ,  

Density and Awessure are shobn Oa F i g W o  .i..4.2 L S  aefined in iieference (2). 

ana Iigure 2.be3 as a f a c t i o n  of altitude. 
I 
I 

, 
i 

1 

i 

i 

i 
I 

! 
I 

i 
I 

4 

I 
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2.5 W i n d  &ear and Velocity ' 

&town o figr~n 2.5.2 all be con~idsrad t o  exist. These valuer come- - r-tel;p to tbore given in Elbferawe ( 3 )  u the sanulr~ v a ~ g ~ u  

with 8 99.865s proability of not bel% &xc.sbeQ. -ip.te values for 

wind shear8 w i t h  an 84.1$ probability of wt being ~xccedtd IY also  sbovn 

on figure 2.5.2. 

normal dletribwtions. 

2.5.3 Daeign wind Velocity 

The68 value0 are cmgwrrablr t o  oat r i p  values fur 

Start- a t  the d m l  wind velocity a t  any altitude a positive 

wtnd velocity gradient not e x c r e d i ~  tb. d 8 . U  u b d  ahear given in 

2 .5 .2  8b3l be cmsidered to  axirt until the 

etteinsd. 

veloclty rJhm OQ m e  2.5 -2 .  l!Wr c-a approxbmtely t o  tho 

tpiaa velocit). i r  

B e  peak wlad veloaity -11 not exceed the derign wIM 

-1 BC8-r -1- @VWi b Reference (3) Which h 8  8 99.8655 mw- 
bllity of xwt being exteadad. Apprmince nrlaus for pind relocitier 

with an 84.15 p r o b . b l l f ~  of not 

pigure 2 . 5 . 2 .  

a0-1 diatributioarr . 

exceeded are alro dhcrpn on 

These valoki @re caPrp#rcrble t o  oiy .igr p.1~61 fur 

-, 2 I .  ,,., . . 
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2.6 Guste 

Strength &dll be provided for load8 associated with isotropic sharp edged 

gusts of 30 i p s ,  equivalent airspeed, below 40,000 f ee t  and 60 fpsJ true airspeed, 

above,4O,OOO feet neglecting penetration e f f e a t s  and with an al leviat ion factor 

of 1,O. Gusts shall be considered separately or In  conJunction with tho wind 

shears of Section 2.5, 

requirements, the bum of tho Wind plus gust velocitiea s h a l l  not exceed the 

design dnd velocity rhown in Pigum 2.5.2. 

When combining the gust velocities with the Wind shear 
I 

\ 

a 



2L9, PItteoroid EnVh'Onment 

The meteoroid envlronemnt shall consis t  of t he  neay-earth and c is lunar  

sporadic meteoroids and t he  major meteoroid streams. 

based on data from Reference (4) is defined in t h e  following paragraphs. 

&7, l  Near Earth and Cislunar, Sporadic Metcroids Flux,  Kass: 

The si;ecific envirciment 

LOG N -1.34 log rn - 10.k23 

Where N = number of impacts per square foot per day 

m - m a s s  in grams 

Dentlity: 

Average Geocentric Velocity: 

0 . 5  d c c ,  a l l  p a r t i c l e  s i z e s  

30 km/sec, a l l  p a r t i c l e  sizes. 

Tho flwr-cnass relat ionship atated above is shown graphically i n  Pigkrr: 2,7J. 

Tha f l u  r e l a t i o n  given above i a  an average of t he  monthly variations.  ?i,r a 

p a r t i c u l a r  period, the factore from Figure 2.7.4 are used. Since trie s i j G i ' a d i C  

inatemids a r e  non-directional, t h e  above c r i te r ia  are applied t o  t h e  sul'oce 

area o f t h e  vehicle. A l l  veloci t ies  are  assumed t o  be directed n o m 1  t o  the 

target aurface. 

a 2  Near Earth and Cis lwar ,  lleteoroid Streams F l u ,  lhss: 

US N 91 -1.34 log rn - 2.68 log V - 6.465 + log F 

Where N = number of impacts per square foot per d a y  

m = mass in g r a m  

V = geocentric veloci ty  of t h e  meteoroid stream (rOn/sec) 

F = r a t io  of accumulative meteor stream flux to the  sporsd ic  

rneieor flu. 

and the geocentric veloci ty  of the major stream are 

shown In Table 2.7.5. The Fntegrit' 1 value of F for 

any given d a t e  during t h e  en t i re  year i s  shown i n  

Figure 2.7.6. 

The value of F, t he  period of a c t i v i t y ,  



c 

Density: 

Geocentric Velocity: As shown i n  Tabls.2.Z.5. Since t h e  meteoroid 

0.5 gm/cc# aU. partide s izes  

streams are direct ional ,  the  above c r i t e r i a  

a r e  applied t o  the  projected area of the  

vehicle. The vehicle shall be givan the iriobt 

cri t ical  or ientat ion ' r e l a t ive  t o  t h e  stream. 

That is, a t  any time, t he  Largest projected 

&rea of t h e  vehicle o r  cosponent is t o  be 

used . \ 

2 7.3 Shielding Factor 

The shielding fac tor  accounts f o r  the f a c t  t h a t  in the  v i c in i ty  or' the 

earth, meteoroid8 whose velocity vectors lie within a cone with the apex at the 

spacecraft  ami surface tangent t o  the surface of the ear th  have intercepted 

the earth'8 surface. Consequently, the spacecraft is ef fec t ive ly  shielded from 

thew n;r;teoroide. 

ahal l  be applied to the surface area of the spacecraft. 

To account for this, a near ear th  shielding f ac to r  of 0.5 
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RCVISLD WOOEL Genini 

Limit loads and heating effects result f r o m  onviroMlerntu3 conditions 

arising Xron normal mission, 8p1 deacclbed In t t b  part, conbined w i t h  the 
effects of any oingle maUunction. abort or oeat e jec t ion  ehall not  be 

conaidered a mlfunct ion 3 s  tti5.s definitiian. 

of a s w e  retrop~de rocket, causing only w e  out of four to fire, 

waneurnring restriction shall be placed on the re-entry flight to preclude 

exceeding the structural limitations required for  the nominal lniseion, 

In the case of malfunction 

tJltimate loada are 1.36 times lwt loads wit& %he following exceptions: 

For retrogradb rocket pressures on tbp b l a s t  a u l d  and water irrpact 1. 

pressures on the re-entry mdule, u l t b t e  dartign loads m a ~ r  be qual  to 

1Fn;it loads and danage to the structure sbcrll be acocrphbls provided that 

astronaut safety and flotation requirements are met.  

2. 

for the following elensnts or assenblios 

A ninimm margin of safety of 25% shaU be a n t a i n e d  as defined below 

.a. Landing Gear and Support Fittings - All' J o i n t s  w h e r e  s t r u c t u r a l  

integrity could be dependent on a single bolt or pin and the design 

condition is defined by landing loads. 

b. Par@ider - All Joints where structural integrity could be degendent 

on a single bolt or pin and *e design condltioa is defined by paraglider 

deployment or manewering. 

c4 

vhers structural i n t eg r i ty  could be dependent on a sinae bolt or pin and 

\ 

Hatch Actuation - Hatch actuator, latching mchanism &d a l l  jo in ts  

the design condition is defined by latch actuation. 



j.1 Wt and Ultimate Conditions 

Uudt loads and heating effects  result from environmental conditions a r i s i n g  

Prom mrmal d s s i o n ,  ab described in this prt, combined w i t h  the e f f e c t s  of any 

single laallunction. 

In t h i s  def ini t ion.  

causing only three out of four tn fire, maneuvering r e s t r i c t i o n  shall be placed 

on the  re-entry flight t o  preclude exceeding the  s t ruc tu ra l  l imi ta t ions  required 

for the  nominal mission. 

Abort or seat edection shall not be considered a malf'unction 

In the cabe of malfunction of a single retrograde rocket, 

Ultimate loads s h a l l  be limit loads multiplied by the Factor of Eafety. The 

required fac to r  of safety s h a l l  be 1.36 with  the following exceptions: 

( 1 )  For retrograde rocket pressures on t h e  blast shield ami water impact 

pressures on the re-entry module, u l t h t e  design loads may be equal t o  1 i n d . t  

loads and damage to the s t ructure  s h a l l  be acceptable povided  that astronaut 

sa fe ty  and f l o t a t i o n  requirement8 are met. 

be 1 . 0 0 .  

(2) 

The required f ac to r  of safety shall 

For the crew hatch and hatch actuator,  the  required factors of safe ty  

shall be 1.10 and 1.25 respectively, where t h e  design condition i s  defined by 

hatch actuation with the actuator i n  tension, provided the  load is substantiated 

by $est. 

(3)  For t h e  drogue parachute support s t ructure ,  the minimum factor of sa fe ty  

shall be 1.36 fo r  the normal misaion and 1.10 f o r  t h e  ca8e of a re-entry from the  

v- '$ abort  boundary (Figure 3.5.3) wi th  a failure of t h e  a t t i t u d e  cont ro l  system 

(without r a t e  damping). 

of events t h a t  would be required to  reach t h l a  extreme condition. 

This value is uaed because of t h e  improbable combination 



7.1.2 
MCDONNELL 

DATE ~A-1442. St. LOUIS. MISSOURI PAGE 

R €VISE D 

REVISED 4 Januam 1965 MODEL Cenini 

1 Pay 1964 I REPORT 861 6 

3.1 &hi t and Ul t imate  Conditions (continued) 

(4) For the  personnel parachute canopies, the required f a c t o r  of  sa fe ty  

 hallb be 1.10 based on t h e  minimum f a i l i n g  strength.  

o f  the improbability of all of the necessary circumstances combining to produce 

the design cordi t ion ami the probabi l i ty  that t h e  canopy strength does exceed the  

minirmlm. 

by the di rec t ion  of NASA, is 5,000 pounds and the nominal capabi l i ty  i s  6,500 

pounde, In order to reach t h e  design corrdition for deployment of the  personnel 

parachute, e ject ion must occur at  a par t icu lar  a l t i t u d e  during launch and t h e  

seat must be oriented i n  a unique a t t i t ude .  

which ini t ia tes  parachute deployment, senses ram pressure superimposed on s t a t i c  

pressure causing premature parachute deployment. 

This value is used because 

The minimun failure load of t h e  C-9 type canopy, which is being used 

In t h i s  a t t i t ude ,  the barostat ,  

In  addition qo t h e  required f a c t o r s  of s a fe ty  l i s t e d  above a rr;inimurn margin 

of safety of 25% s h a l l  be maintained as defined below for the  following elements 

or assenbliee.  

(a) 

P 

Ianding Gear and Support F i t t i n g s  - All Jo in ts  where s t r u c t u r a l  

i n t e g r i t y  could bo dependent on a single bo l t  o r  pin and the  design condition i s  

defined by landing loade. 

- (b) h r a g l l d e r  and Support F i t t i ngs  - All j o i n t s  where s t ruc tu ra l  i n t e g r i t y  

could be dependorrt on a s ingle  bolt or  pin and the design condition is defined 

by paraglider deployment or rraneuvering . 
(c )  Hatch Actuation System - Hatch actuator,  latching mechanism and all 

Jo in ts  h e r o  structural. i n t eg r i ty  could be dependent on a single bo l t  or pin 

and the design conl i t ion is d e i i n d  by hatch actuation. 
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3.1 Limit A n d  Ultimatu Conditions (continued) 

Ultimate heating e f f e c t s  a r e  those obtained by increasing U m i t  temperatures 

2@F or heat  inputs  by 15% nhichsvsr i s  c r i t i c a l  for re-entry and increasing 

l i m i t  tmpera ture  l@F for boost, except for itams Inside the pressure vessel .  

Structure h i d e  the pressure vessel  which is not attached t o  the s k i n  and has 

no s igni f icant  thenual mass shall be designed for 250°P ultimate. 

cotxiitions are e i the r  ult imate loada combined with M t  heating effects or  u l t i -  

mate heating e f fec ts  combined w i t h  limit loads. 

Ultimate design 

Deformations r e su l t i ng  f r o m  aero-thermal e l a s t i c  e f f ec t s  at &.it conditions 

s h a l l  not e f f ec t  adversely the  aerodynamic or  fbnct ional  cha rac t e r i s t i c s  of  t h e  

vehicle. Nonsurvlvable f a i l u r e  shall not occur under ult imate loads o r  under 

limit loads for the unique s i tuat ions where ult imate loads equal l i m i t  loads. 

The design shall be based on a service l i f e  of one nominal mission. The 

&.-entry Module ehall be re-usable after a minimum amunt of refurbishment and 

replacement of cer tain c r i t i c a l  itam. 

A l l  conditions in t h i s  report are l i m i t  conditions unlese otherwise specif ied 

. 



~2 Eoogt r m e  
The boost phase is definod as including a l l  operat$ons and envirorsaents 

eilccmtered from the inatant of launch vehicle engine thrust initiation wtil 

aRutdoLnl and separation of the last stage (inJaction into orbit) ,  The calcula- 

tioiss for the deeign a t r u c t w a l  loads and temperatures Will be based on t h e  two 

b c a t  phase trajectoriee presented i n  Figure8 and Tables from 3.2.3 t o  3.2.8, 

The trrijactories are essentidly vertical for  the  first 20 seconds; then a 

g r a d t y  turn  is maintained throughout the  remaining 129 seconds of first stage 

burninge 

the active second stage f l i g h t ,  

with insertion a t  an a l t i tude  of f l  rauti ical  d l e s .  

off-nonrfnal i n  that the first stage thrust was assumed to  be decrecrsed by 3% 

crlorg d t h  a -42,8"/&, pitch g y r o  drift, 

\ 

a 

The maneuvering required for orbital control i s  accomplished during 

The first trajectorg is a nominal launch 

The second tra:i.ctorj; is 

The second trajectory r e su l t s  in 

cri%ical boost phase temperatures, These trajectories are from frefci*er,ces ( 8 )  

and (911. 

bada during the  bo& phase shal l  be based upon ( 1 )  the effects  of winds 

arid gu8,ta 6s apscffied in ~arsgrsphs 2,5 and 2,6, (2) a momentary g u i d a x e  

friilwe that results i n  a 10 degree ar i l0  of attack a t  any altitude w i t h  roa to r i rG  

~ -axnCa  from maimuru thrust vector deilection, or (3) a launch vehicls m;zlfunction 

&hich reeulta in divergent anglee cJf attack. 

cund i t inne  shbll. be investigated end design lotids defined so as to precfws re& 

enLry moduie s t r u c t u r a l  failure p r i x  to  the completion o f  the ejectibn or abort 

IAperation, 

t lan or the lauich vehicle malfunction condition with the 84.1% (representative 

of c;m a i g m  values) wind rjhear inpute, a8 derived from Reference (3),  s h a l l  bet 

The launch vehicle malfcnctfon 

%'he effects of combini~u either the momentary guidance fallurc condi- 



3.,2 Boo.% Phase (Continued) 

considered. However, the considersticns for t he  momentary ,gdidnr,ce f a i l w e  * 

condition shall be l imited  by the t h r u s t  vector rectorin,S rrcrnefit avnllablc t o  

maintain s tab le  f l i gh t .  

considered ended when both astronauts  have passed c l ea r  of the  01x3 h a t c h  s % x c -  

t u r e  during e jec t ion  o r  when the  connection between the’sp-  -cecraf t  and t h o  boclster 

h a s  been severed during retrograde rocket abort. 

be shut down for  e ject ion,  but t h e y  must be shut down for the retrot;racz: rockct  

abort. 

For t h e  aalfunct ion conditions, t he  bcost $asc &::a11 t c  

Booster engims c3.7 or n ; ~ y  c o t  

The a l t i t u d e  raqqes throwh which e j ec t ion  abort o r  rctro,;rcde rockot &m% 

conditions must bo ccnsiciered a r e  presented in Section 3.7. 

Atcospheric densi ty  var ia t ion  s h a l l  be considered by increGsin2 c ! j ~ . ~ - L c  

v e 8 3 i ~ ~ e  in the  nominal t r a j ec to ry  by 5%. 
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Time Acceleration 
#a 
g‘ 8 

1.2:t 
1.36 
1.44 ‘ 

1-53 
1.64 
1.76 
1.85 
1. r-8 
2 . @j 
2.21 
2-45 
2.80 
3.14 
3.56 
4.09 
4.78 
5 -59 

.88 

.e& 
1.39 
1.45 
1.52 
1~60 
1.69 
1.78 
1.89 
2.01 
2.15 
2.31 
2.50 
2.72 
2.97 
3.29 
3 -68 
4.17 
4.81 
5 -69 
6.96 
7.35 

h r t l n - M a r i e t t a  
- .  Trajectory >cy 

F l i g h t  
path 

Velocity Altitude Angle 

ft . / s a c .  feet Degrees 
v h 

0 
106 
236 
393 
586 
825 

1,116 
1,457 
1,657 
1,881 
2,412 
3,063 
3,842 
4,759 
3,842 
7,133 
8, J& 

8,535 
8,540 
8,568 
8,880 

10,110 
10,591 
11,112 
11,679 
12 9 293 
Q, 961 
13,6SO 

15 9 369 
16,345 
17, 437 
18 , 672 
20,088 
21,749 
23,747 
24 , 2751 

g: 22 

14,489 

32 
543 

2,232 
5 , 354 
LO, 162 
16,865 
25,626 
36,461. 
42,6443 
49,350 
64,292 
81,183 

1 ~ 7 O y 2  
121,338 
145 165 
1n,841 
196,986 
200,725 
201,686 
204,786 
232,128 
261,321 
289,249 
315 , 889 
341,219 
365,210 

428,812 
4J47,m 
4453,788 
478,870 

5 03 9 630 
513,460 
520, ‘961 
526,047 
528,337 

g:% 

492,240 

528,414 

I 

90.0 
85.8 
89 -?  
86.0 
77.7 
69.2 
61.5 
54.4 
5 1 . 1  
47.7 
41.4 
35.6 
31.4 
28.2 
25.5 
23.3 
21.6 
21.4 
21.3 
21.2 
19.6 
18.0 
16.4 
14.9 
13.5 
12.1 
10.6 
9.6 
8.1, 
7.4 
6 . 3  
5.3 
4.4 
3.5 
2.7 
1.8 
1.0 
0.2 
0 

ma. 
Y&r 
M 

0 
.P 
-21 
35 

*53 
‘77 

1.07 
1.47 
1.72 
1-99 
2.53 
3-13 
3.82 
4.53 
5 *37 
6.45 
8.0s 
8.23 
8.25 
8.35 
9.34 
10.86 
11.42 
11.31 
11.00 
9.58 
8.45 
7.87 
7.57 
7.46 
7-47 
7.57 
7.76 
8.03 
8.40 
8.88 
9.50 

io .  32 
10.55 

Dynamic Pressure 
Dynamic (546 Increased 
Pressure 

9 
p . e . ? .  

0 
1-3 
61 
153 
294 
475 
649 
75 9 
777 
7@ 
565 
384 
235 
137 
76 
41 
25 
22 
21 
19 
7 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- . . 

msity  ) 
9 

p . 0 . f  * 

’ 0  
14 
63 
160 
3 10 
498 
681 
7?5 
816 
780 
5 53 
403 
247 
14.4 

80 
43 
26 
23 
22 
20 
7 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. 
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I 
1 
! Acceleration 

Load Factor 

t 

e 
\ -. 

1 

i 140 
' 200 
210 
2 20 
230 
2!,0 
2 so 
263 
270 
21io 
2'113 
3w 
3 10 
3 20 
330 
331. '4 

Na 
g's 

1.26 
1.32 
1. !lo 
1.d 
1.48 
1.05 
1.79 
1.58 
2.07 
2 - 0 9  
2.32 
2.00 
2.':2 
3.27 
3.7L 
!r .  32 
5.11 
5.41 
1.2l.l 
1.112 
1. ) I6  
1. S3 
1.62 
1.70 
1. txl 
1 . Y 1  
2.9l.l 
2.18 
2.35 
2.54 
2.76 

3.36 
3 . 7 7 
Ii. 26 
IJ . 9'7 
j.91 
7.24 
7 .  4: 

3-33  

- -_I- 

Plight  Path 
Angle 

Uegreea 

90 
89.8 
69.7 
85.2 
75. Ir 
67.6 
$908 
9 . 8  
46.2 
lr5.2 
39.6 
33.5 
29.4 
26.2 
23.L 
21;o 
18.9 
lb.3 
16.2 
lli . 0 
17.1 
16.1 
15.3 
lb. Ir 
13.6 
12.7 
11. ti 
19.9 

5 .O 
6.0 
7.1 
6.1 
5.0 
3.5 
2 08 
1.U 

03 
i) 

9.9 

Xach. 
limber 
H 

0 
0 0 8  
.18 
31 
48 . 6Y . 9b 

1.32 
1-60 
1.05 
2.35 
2-91 
3.57 
4.3c 
5.0s 
5.99 
7.19 
'7 .77 
'i .90 
7.98 
h.43 

13.77 
11. I8 
12.28 
11.42 
ll. 73 

si. tl 
6.86 
6.35 
t * l  
6.0 
t.1 
6.2 
b. 5 
6.5 
5.> 
10.3 
lU.4 

4 h7 

Dynamic 
Pre a sure 

9 
p . s . f .  

0 
10 
!18 

123 
245 
hi39 
596 
737 
794 
bOO 
69k 
518 
363 
226 
131r 
77 
46 
40 
36 
35 
23 

9 
3 
1 
3 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
3 
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3.3 O r b i t a l  Phase 

The orbital phase is defined as beginning with t h e . t o m i n a t i o n  of t h r u s t  

on t h e  last launch vehicle stap,e and ending with tho  i n i t i a t i o n  <if r e t r o -  

t h rue t  t o  re-entry t h e  atmosphere, 

3.3.1 Orbital Phase Maneuver Lods 

The loading condition8 encountered during t h i s  phase are the r e sd t  of t t u  

rendezvous maneuver, t h e  ac tua l  dock- and coupling with the   age^ vehicle i n  

orbi t  and the  o r b i t a l  maneuvers performed after docking using t h e  &en& vehicle  

for propulsion. 

md control  power f o r  c o ~ d i t i o n s  before and after docking, 

the actual docking maneuver and f o r  t h e  composite Gemini-Agena vehiclz  ixe 

covered in parq-raph 3.k.  

3,3,2 

The design loads for this phase s h a l l  consider mximm t k r u s t  

The c r i t e r i a  f o r  

Grb i t a l  Phase bleteoroid Hazard Analysis 

The meteoroid environment presented in Section 2.7 ski311 be used to 

eatablitih the s t r u c t u r a l  reliability of t he  o rb i t i ng  vehicle i n  resistir,;; 

lueteoroid penetration, 

sheet thiCkn088 IS as follows: 

The penetration equation t h a t  shall be u6ed fo r  flrdte 

G ti = 3.42K {$ - 2}2'3 

ti = e f fec t ive  target sheet  thickness t h a t  will j u s t  resist  penetration, c.7;. 
ii = double-wall Iene t ra t ion  factor from Figure 3.3.2' (Note: ti = tt ar,d 

K - 1.0 fo r  single sheet t a rge t s )  - 

target sheet thickness, cm Vp = velocity of p a r t i c l e ,  kr:,/sec 
shield sheet thickness,  cm C t  speed of sound i n  target l a t e r i a  , 
density of pa r t i c l e ,  gm/cc h/sec  

C8 - speed of 60& i n  sh ie ld  nrateriaf, 

dp = diameter of particle, cm 

- dens i ty  of t a rge t  matcr ia l ,  gm/cc 
p8 - densi ty  of shield material, gmlcc lan/sec 
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Structural dc.ign for  n-mtry tra host phrw abort -11 be l m d l  QI 

the baogt * r e  abort b o w  ahown in Flgure 3.5.3. The boaprdag definer 

cadbinatiom of f l ight  path angle .ad velocity at M c h  UI abost 

ated BO 88 not to exceed the derign 

or the derign m u r m  heat- rate of 70 Irm/ft.*/s~c., ub alu, Qeflma the 

velocity rmage in which mmhm l if t  nrst be oud 80 a8 aat to exceed the 

deai@ pprimua re-antry load factor si 15 g's. A 

torles relected as rrgrerentatlve of t h o  llvlrt critfcal ccubinmtiw of l a d s  

and heating n ter  I 6  ahown i n  Table 3.5.4. 'Em vrri.tlm of the rrignlflcuat 

ba hiti- 

re-entry 1-4 factor of 15 g'm and/ 

of the flve tr4.c- 

lift v l l l  be u e d  far design. The re-entry module -11 h designed for all 

structural Lording std tbPpsrature*condltlom mcotmtered dtlring these 

entries. 



P 

e 

Plots of t o t a l  heat which is an indicator for the s t r u c t u r a l  temperatures 

are shorn on Figure 3.5.20 f o r  re-entt-ies Prom the design orbits. 

some desi@ trajectories are shorn in Table 3.5.21. 

significant parameters with tine from f,OO,OOO feet  ore shown on Figares 3.5.22 

A summary of 

"he variations of the 

t h r u  3.S.390 

Restrictions impsed by off-design conditions such as re-entries f r o m  

perigee with other t han  zero lift., re-entries f r o m  dispersed orbi t s ,  amd cases 

where only 3 out of 4 retrograde rockets are fired w i l l  be defined by an operatiq 

baandary or  envelope. 

limits for off-design conditions. .  

Heference 11 discusses the ablation shield perfomnce 
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3.6 Landing Phase 

The landing phase i s  defined as includi!lg all opergtione e ta r t in f ,  from the  

i n i t i a t i o n  of the  recovery system deployment unti l  t h e  re -en t ry  module is safely 

on the ground o r  water. 

deployment, main parachute or  paragllder deployment, steady s t a t e  or  manewering 

descent, and surface impact consideratione. 

fop the shock and accelerat ion requirements of Section 3.12. 

2,6,1 Parachute landing Phase 

I t ' c o v e r s  drogue parachute deployment, p i l o t  parachute 

A l l  mas8 items shall be designed 

Parechute landing system c r i t e r i a  are described herein f o r  both t h e  two 

parachute system being used on the  early spacecraft  and the th ree  parachute 

system being developed for later apacecraft. 

The basic two  parachute system cons is t s  of a ring-sail p i l o t  prachuto  

18 feet in diameter and a ring-sail  main parachute 84 f e e t  in diameter, 

three parachute system cons is t s  of a conical type drogue parachute 8.3 feet i n  

dhneter in addition t o  the i den t i ca l  r ing-sa i l  p i l o t  and main parachutes used 

Tke 

the basic  system. The deeign lo&& fo r  each parachute in the  eequance &re 

based on deployment a t  t he  spacecraft  terminal f r ee - f a l l  dynamic presaiii"2 of 

120 psf. 

both from orb i t  and from t h e  abort boundaries. 

re-entry, t he  spacecraft re-enter8 heat 6hieLd first wi th  p i tch  arid yaw rat; 

damping operative. 

t h a t  in case of failure o r  m a l h c t i o n  of t h e  drogue o r  p i l o t  chutes, the 

remaining systom can ef fec t  a safe recovery. 

are a-insd in Table 3.6.1 . 

This condition i$ consistent with normal fully control led re-entr izs  

For a nornal f u l l y  contml led  

Designing all parachutes f o r  t h i s  dynamic pressure insures  

The c r i t e r i a  for both systens 



Table 3.6.1 

Parachute Landing System 

Dia. 

hm Chuto 

( 5  1 
. 

A l l  

Normal 50,000 Yes 3 ¶ 560 r/OO 
Abort 40,000 yes 3,500 40' 

All 10,600 Yes fb,700(5) 20' 

A l l  ( 1  1 Ye8 16,000 90° 

Two seconds after pilot parachute deployment 

Nominal Unit load8 are based on a dynamic pressure (q) of 120 psf .  

U l t h t e  load6 m e  1.36 times limit loads 

Parachutes shall be qualFfied at a dynamic p r e s s u ~  1.50 tinies 

E l * W X ~ , , i g n  = 180 psf) .  that used for de8ign ( qqull. 

The hcreased load on the rrtructum for this condition over the 

two-chute uyetem ie due t o  the fact that the h g u e  chute is  s t i l l  

attached when the pilot chute is  deployed. Tho d e e m  Linit 1-d 

for the pUvt parachute 3,000 pounda. 

" I *  ..... .--._ . 
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I n  the basic tWo parachute system, t h e  p i l o t  parachute is deployed i n  a 

reefed condition a t  an a l t i t u d e  of 10,600 .... + 750 feet. A f t e r  a delay of approxi- 

mtely two seconds, the Rendezvous and Recovery Section is  separated from the 

spececraft. 

main p r a c h u t e  l i n e s  deploying the main parachute in a reefed condition. 

sho r t  delay, the main parachute I s  then dlsreefed. 

6 seconds after deployment t o  reduce t h e  probabili ty of recontact of t h e  R & R 

Section and the main pclrachute canopy and/or t he  spececraft .  

The reefed pilot chute pulling the R 80 R Section away stretches the 

After a 

The.pi lot  chute i s  disreefed 

I n  t h e  t n re t  parechute system, the drogue parachute has been added t o  

ensure spacecraft  s t a b i l i t y  below an a l t i t u d e  of 50,OOO feet. 

a reefed condition a t  a n  a l t i t u d e  of 50,oOO feet after re-entry from orbit and a t  

40,000 feet after re-entry from launch aborts. 

f ee t ,  the p i l o t  parachute is  deployed I n  a reefed condition With the drome chute 

attached i n  tandem. A f t e r  a delay of approximately two seconds, the  R & R Section 

I s  separated from the spacecraf t  and the remaining portion of the sequence is 

i den t i ca l  t o  tha t  fo r  the  two parachute system. The probabi l i ty  of recontact I s  

fu r the r  reduced because of the added drag of the drogue chute i n  tandem with t h e  

p i l o t  chute. 

mic .pressure a t  the  drogue parachute deployment a l t i t u d e  can reach 145 p s f .  

Increased loads f o r  t h i s  condition W i l l  be absorbed with the reduced f ac to r  of 

sa fe ty  noted I n  Section 3.1.  

It I s  deployed i n  

A t  an a l t i t u d e  of 10,600 - + 750 

For the  case where rate damping has been l o s t  o r  degraded, t h e  dyna- 

Tae 

Spacecraft employing parachute6 a re  designed f o r  water landings only. To 

minimize water impact loads, the main prachu te  suspension bridles have a provi- 

sion for ro t a t ing  the epcecraf t  to a posit ion where the spacecraf t  Z axis i s  i n -  

c l ined a t  a n  angle of 54’ re le t ive  to the parechute axis. Water impact loads shal 

be those resu l t ing  f r o m  a ve r t i ca l  veloci ty  of 30 f p s  combined w i t h  a horizontal 

veloci ty  from Kinds up to 51 fps plue t h e  e f f e c t  of parachute swing.  The e f f e c t  0 

parachute swing shall be coneidered e i t h e r  a s  a horizontal  veloci ty  increment ___I_ of 
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ll, f p s  with zero swing angle or B zero horizontal  velocity increment w i t h  15 

degree swing angle. A maximum wave alope of 9 degrees shall be considered. Tile 

strength r e q u b m e n t  for water landing capabi l i ty  is limited t o  t h e  capabi l i ty  

t o  remain a f l o a t  f o r  a t  least 36 hours per Reference ( 5 )  in a flrotation a t t i t u d e  

in which the hatches are on the upper surface. 

3.6.2 ParaElider Landing Phase 

The paraglider landing syetem consis ts  of a 8.3 foot diameter conical  type 

drogue parachute, the paraglider, and the & i d  type Landing gear. 

The drogue parachute is deployed a t  an a l t i t u i e  of 60,OOO f e e t  following 

r e e n t r y  f ron  o r b i t  ard at  an a l t i tude  of 35,000 f e e t  l o l l o w i n g  a retrograde 

abort. 

attached t o  the ReKtezvou~ and Recovery Section and'iS jet t isoned w i t h  this 

uec t ion. 

The design dynamic preseure shall be 125 paf . The drogue paracnute is 

Paraglider deployment begins a t  an a l t i t u d e  of 50,000 fee t  followhe, 

re-entry from orbi t .  

the Ibrrdezvous and Recovery Section. 

deployment, in f la t ion  of the s t i f fening nrembera, and finally release t o  the 

glide configuration. 

and strength provided f o r  all c t i t i c a l  cases. 

The paraglider asaenhly is uncovered by t h e  jettisoning of 

It then goes through a sequence of paartis1 

bad3 during t h e  dep;Loyment sequence shall be investigated 

In  the gUde configuration, t he  spacecraft a h a l l  be designed t o  maneuver 

using t h e  avai lable  r a t e  and amount of canter of gravi ty  travel i n  both the 

longitudinal and l a t e r a l  directions. 

at tack 8ha.U. be 25 t o  /+O Vgrees w i t h  provision f o r  20 t o  45 degrees. 

The spacecraft Lwding gears & a l l  be designed for the  landing pramete r s  

defined below using t he  weight defined i n  subsection 2.3.7.2. 

considered i n  a r a t iona l  manner. 

The mminal range of paraglider angle of 

Wing l i f t  s h a l l  be 

For landkg gear loading conditions, t h e  f ac to r  
d 
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Sink  speeds for yaxed arid roiled attittides s h a l l  be deterrained f ro& the 

deslc;nc-:im coet f ic lenta  of f r i . : t fon  cxcept where applicable t e s t  data indicates 

that ,  this LS not vaXd: ~ G W C ? - V W ‘ ~  dcsign features of t h e  contact sL-fzce pefier;ra- 

! 
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3,6,2- P a r a E l i d e r  Jandim Phase (Continued) 

Paraglidor water landings s h a l l  be based on the ?Zie sink specds, ai-si..--cds, 

0 and at t i tudes  as ground landings. Wave slopes up t o  9 shal l  be considered, T.:e 

strength requirement for water landing capability i s  limited t o  the c c p b i l i t j .  

to remain a f loa t  for at least 36 houra per Reference ( 5 )  in a f lo ta t ion  s t t i tLz le  

in which the hatches tire on the upper surface. 
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t 
1 

The abort phase is defined as i n c h d i n g  a l l  operations req-&-ed to r c t t f n  ! 

t h e  astronauts safely to earth subsequent t o  a malfunction i n  t h e  l a u c h  veriicle ai 
the spacecraft which requires Cenination of t h e  rr;iesion, 

u 1  ibde I (EAection) Abort Fiiase 

li'sde f aborts a r e  accomplished wi th  t h e  use of the e jec t ion  sez ts .  

i T h i s  illode of eacape is used off-the-pad only after reizoval of the erectoi- 

tower. arid dw* the h o s t  phase up t o  an  a l t i t ude  fo 70,OOc) feet. The a:ectiOil 

rients ruay ale0 bet used for escape balow an a l t i t u d a  of 60,GOO feet follcwirg re-= 
1 

a n t r y  from o r b i t  and boLow an  a l t i t u d e  fo 35,000 feet following re-entqy a f t e r  I , 
i . .  . A b o r t  !<ode IX. 

stractural. inte;;rity with t h e  hatches open until. both astronauts are clcii:ro 

1 The defti.jp loads for this phase shall  ccnsider that  the t h e  i n t c r v d  recjillred to 

com2lete the otuctlon cycle (r'roa the i n i t i a l  detection of the faiii,rc; i r . c h i i n ~  ' ! 
allow~snces for both human and system reac t ion  tines, systes o p r z t h q  ti::e3 and 1 

i 
progrumed delays) is short  enough t o  preclude the vehicle reachir.2 a : ; tYL ic tLZ i ! .~  1 

cat,astrophic condition, 

for :.:&e I launch phase aborts shall be based on a t o t a l  =@e of a t t a c k  
! 
i 

irr p i t c h  omijor pw. The overall vehicle loads f o r  Rode I aborts shall cc& cxcecd 1 

t h e  st rength capabil i t ies  reqtdrod by launch phase c r i t e r i a  .defined in Secticn T,%j 

The re-entry module swrounding the astronauts ues'i r,diri=;lin i 

I 

! 

i 

! 

1 Tha hatch operating loads and t h e  e;ectirjn sss t  i o : ~ d s  

i;f 15" 

I 

i 
I 

The &lode I abort sequence rrsy be i r i t i a t e d  by e i t h e r  asti*omut p * i E i q :  k i a  i 

I t D - r - i n g ' t ,  The hatches w e  opened by pyrotechnica1l;r powered sctuators. Tiie seats 

are than propPPed along guide rails by separate pyrotechaically pwered catspult;d 
I J u s t  prior to lcuvirrg the rails,  sustainer rockets ottaehad tc each of the scats i 

u s  f i red  propelling the  seats c l e a r  of tho spacecraft. The edection s r n t s  s h s f l  1 
be designed f o r  all forces rcsu1.tin.g from those  operations, 

I 

I 
: 
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1 

J.'/,l Mode I @;lectign) Abort Phase (Coritlnued) 

Seat-nrari separation is progpadi.ed to occur 1.03 seconds after t h e  seat 

leaves the raile. Five seconds a f t e r  the seat leaves the  rails, k ballute 

httachod to each astronaut's backboard i s  deployed. 

ballutce shall De 3#750 p U d b  u i t h u t e .  The ballute is  jdtisoneci  at a pressura 

a l t i tude  of 7,5W ,+ 700 feet. 

The desi;$ load :'or the 

The barostat control lmg tkc,  pcrsoraei parachute deployment 1:, aIx.ec: A 

seat- separation and the parachute is deployed 2.3 seccjruis after the b u o s t a t  

:;enstis a pressure a i t i tude  of 5700 - + 600 ft. 

Wrachute shall be 5000 poundo ul t imate .  

defined in Section 3.1, 

The deeiga load for the p r s O l z ? C ? i  

Tne ratio of ultimate to U.it load is 

)!de I1 (Hetrog,rade LalvoZ hoort Phase 

Mode TI Aborts are accomplished by terminating booster t h m s t ,  scvarkng 

t h e  hwapbr structure a t  2 Station b801t4, and firing the  retrograde rockets  bi 

salvo. This mode of abort is used at d t i t u d e s  between 70,WO ft, aid 522,aK) 

f e e t .  After burn-out of the  retrograde rockets the retrograde cection i s  Jet-  

tisoned, the re-entry  nodule is turned to i t s  noma1 re-entry attitude, rsnd 

?'o&dhg re-entry the landing system is deployed. 

The spacecraft shall be desxgned for all loads occurring during clncl a f t e r  

s e p m t b n  from the h u c h  vehicle. 

c)rch shall include allowarsos i o r  both human and system reaction tir;ies, systax 

o p a r h t h g  times, and prugrtiiaed aellayd. 

in Section 3.5. 

u3 Moas 111 (Scw-atmir) A ' r ~ ~ r t  Phase 

'ha  t h e  for completing " c h e  h d o  IT Abcrt 

Abort re-entry trajector ies  are shown 

The Node 111 ADOX% Pibtse covers a o w t  requirements aurjng tho zemiaing 

&arts dur i ig  t h i s  pericd po*rtbn of the boost t r a j e c t o r y  above 522,CXlO f ee t .  



_ I .  

plane, t h e  rendezvous maneuvering 3y~ten:  i s  f i r ed  t o  provide s c p r a t i G x  VU-CC::.;', . 
. .  

the  retrograde rockets lnay or  r:ay not  be f i r e d  as required t o  ;tisir, t:,c ~L;,:C.-- 
1 

I 

I 

Trans2ortation by a i r c r a f t  with t h e  acceleriit,ions i n  t h e  c a r r i e r  i k c z ~ f t  CXL'L'! 

I 

I 

i 

6 . 0 ~  Vert ica l  (qmard)  
i 

2.25g Literal (2) I 

1 

Lite sk,ipping fixtures. i 

3.Cg Loiqitudinal (aft) 

The spicecraft. Z a x i s  s h a l l  be p a r a l l e l  t o  t he  aircraL^c l o ? ~ i t u t i i x u l  LXLL 

a.,l t h e  o t h e r  spacecraft  a c s  s h a l l  be orierited as dcterziimd by tk.0 dcsi ; -n  of 

I 

I 
I 

i 3.9 Pressu r i za t ion  

For s t ruc tu ra l  design the cabin pressure s h a l l  be consiaeroa t o  be 2.0 p o i  

u l t i m a t e  (burst) and 3.0 p s i  ul t i iAtc (collapsing). 
1 
I Tho cabin le&age rate shaL be masured at sea level ~ ; s i q ;  n l ' u r o z ~ n  
1 
i 

llo. 2 ana 3O.'jU cubic i r x h e s  per c.ir1ut.e (5W cc/rr,in.) f o r  S p a r  .... .it, ;.a. 3 and up. I 

tezperature of 7OOF and a c a b h  pressure of 5.1 psig, 

shall be 61.023 cubic inches per i i i i r i ~ t c  (1030 c c / ~ i n . )  for Spacecraft ;<a. 1 ;L?U 

The a l l o d t d e  ieLit;.,c rata 

i 
I 

i 

.,_- . , I . .  # .,.. . . , - 
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hhry Controls 

Lttitude Control Grin 

.10 Controls 

Limit b s d  With Reaction At 
c- 

Switches o r  Vilves 
--e 

Stops 

I 
Pitch Moment 

Side (Roll) 

133 in. lb. I a f f i c i e n t  t o  I 
1 0 0  lb. 

crea te  1 0 0  lbs. I I minimum a t  swi t chss  

:Pitch and yaw load8 are  referenced t o  Grip Pivot a x i a  and Side b a d s  are 
.referenced- to center of 

Abort Handle 

Side 

Fore/Aft 

( b a d s  are re ference  

9.P. 1 

P O  lb. min. t o  150 lb. max 

to center  of knob.) 

Maneuvering Handle 

Vertical, Side and 

Fore/Aft 

( h a d s  are referenced t o  center of knob i n  unstowed po 

Environmental Controls 

I s V € i l - O  15& c + 1e;er l e n d h  )lb. 

I 150 lb. min. to 100 l b .  max 

Eufficient  t o  
create 1 0 0  lbs. 
minimum a t  switches 

I 

I 
t i on . )  I 

Euff i c i e n t  t o  
c rea te  100 l b s .  
m i n i m u m  a t  switches 

I 3x pilot operF-ting 
but not less t han  
70 l b .  o r  less  t h a n  
that s u f f i c i u n t  t o  
create 1 0 0  Ibs. 
minb.un t valves. 

Not apy l i cab ie  
Lever a 

Not appl icable  

kt applicable 



7.11.1 
MCDONNE'LL 

P A G E  S f .  LOUIS. MISSOURI DATE 

REVISED REPORT 8616 
I 

l lEVlSL0 - G e r A n i  

3.1 l Seats and Harnesg 

The hudhg load factors shown on FWs 3.1 1.2 shall apply t o  t h e  harness 

used to res t r a in  the  astronauts,  t o  the seats, and to the  attachment of t h e  

seats t o  t h e  prhuq st ructure .  The magnitude of t h e  design ult imate i n e r t i a  

load vector is consis tent  with an accelerat ion of 40 g's but i s  terminated as 

a function of di rec t ion  such tha t  t he  components do not exceed t h e  values 

shown i n  Figure 3.11.2. 

designed for eject ion f r e e  f l i gh t  conditions, s t ab i l i za t ion  device loads and 

personnel parachute load8 as applicable e 

3.12 ,Shock and Acceleration Environment_ 

The seats ,  s c a t  equipment, and harness s h a l l  also be 

The shock and accelerat ion environments for design of the spacecraf t  

oquipacnt and support s t ruc ture  as defined i n  Reference (6) and (7)  a re  

sunnnerized i n  Table 3.12. 

RCS fuel tanks f u l l ,  t h e  tank supports shall be designed for  the  a c t u a l  

accelerat ions resul t ing from water impact. 

For the special case of parachute water landing with 

The Uslit values t o  be used, as 

estimated fo r  the spacecraft  c.g. Srom model t e s t  data, are nz = 12.0, ny = 1.6 D 

8 .  

8 = 110 radiane/eecord2 for heat ahie ld  first landings, and ne = -4.6, ny 

e; 
3:13 Vibration and AcouGtic Environment 

12.0, 

110 radians/second2 f o r  cone f i r s t  landings. 

The vibrat ion and acoust ic  environments t o  be used f o r  t h e  design of the  

epaoecraft equipnsnt end support s t ruc ture  as described in Hsferances (6) and (7) 

are defined in Table 3.13 and i n  Figures 3.13.2 and 3.13.4. 
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& hecoveq 

Module 

S t  a t i  on Gberatioml Phases 
Sect ion Accelerat ims - 

Abort 
,Chock and 
Acceleration 

Shock ie-entry 

Not Applicable 

React ion 
C o n t r o l  
hodule 

and 
Upper 
Gabin 
Section 

h-ndirg - 
30 g ' s  along the 
S/C longitudinal 
axis &nd 30 g ' s  
along either the 
S/C ver t i ca l  or 
lateral  axis, 1 1  

duration 
Dd lli S e COnd 

~ 

landing - 
Use ultinlnte 
values shown i n  
Figure 3.11 -2 

!la in 
Cabin 
:;ec t ion  

Adapter 
HetrogMt 
Section 
Adapter 

Section 

- 
Equipngnt 

N o t  Applicable 

Not Applicable 

NmES: 1 .  Ultimate load i s  1.36 times l i m i t  load. 
2. ,Satisfactory prfonnance is required during and/or a f t e r  Limit load 

appl icat ion whichever is  appropriate.  T h i s  applies  t o  a l l  environ- 
ments  except landing shock. 
sa t i s fac tory  prforrrtance after being subjected t o  the landing shock 
environment. 
nal parts shal l  be contained under appl icat ion of ul t imate  loads. 
Testing t o  t h e  c r i t i c d  la teral  load f a c t o r   hall be as s t a t ed  i n  
Hefercnce (6) or a8 calked out  i n  the SCD. 

Doe8 not combine with other load f ac to r s .  
The load resulting from a positiva longi tudinal  load f a c t o r  is  
d i rec ted  aft. 

Only rescue equipnent i s  required t o  give 

No equipnent shall tear loose from i ts  Itounts and i n t e r -  

3. 

@ 
5 .  
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JUCDONNELA 

DATE .a, ST. LOUIS. MISSOURI 

REVISED 4 Januery ' g 6 5  , REPORT tl616 
G x i n i  REVISED MODEL 

TABLE 3.12 

I VIBRATION AND ACCXI.S"IC EkPIIRONKENT FCR 

EQUlPMENT DESXGN 

Vibration 

Sinueoicia& - Equiprrsnt having major reeon~nce8 h i c h  can be determined 

accurately by conducting sinusoidal sweep tests s h a l l  be 

designed t o  withstand vibrat ion i n  accordance with the t a b l e  

below. 

Frequency 

10 - 15 CPS 

Level - 
0.3 inches double anplitude 

15 - 1 0 0  CPS - + 3 e  

100 - 500 cpe - + 5 g  

5 0 0  - xxx) cpa _ + e t 3  

Random - Equipent  items such ae hemetically sealed instruments, 

mechanically complcx electronic  e q u i p n t  and other mechacical ly  

complex itme, where accurate determination of resonances cannot 

. be achieved by sinusoidal tasting, shall be designed t o  with- 

s t a r d  t he  random vibrat ion e n v i r o m n t  as defined by one of t h e  

spectrums given i n  Figures 3.13.3 and 3.13.4. 

Nota : Testing to t h e  c r i t i c a l  v ibra t ion  o r  acoust ic  environment 

e h a l l  be a8 8tat.d i n  Reference (6) or as cal led  out in t h e  SCD. 



MODEL Genin i  
REVISED 

T A B U  3.13 (Cont.) 

VIBRATIgN AND ACrXIETIC ENVIROMZNT FOR 

Acoustic Noise 

Frequency 
Octave h m i s  (cps) 

37.5 t o  75 

75 t o  150 

150 t o  300 

300 t o  600 

600 to 1200 

1200 to 2400 

2400 t o  4800 

L800 to 9600 

..- Over - All \ 

Cabin 
Area 

1 20 

1 23 

127 

1 30 

128.5 

125 

121.5 

118 

- 

135 

Sound Pressure Level 
DB RE;: .WO2 Dm 2S/CRl 2 

Equip int  lnside 
Bay Adapter External 

122 124 131 

128.5 131 139 

135 139 148 

140 149 159 

138.5 152 162 

135 146 157.5 

131 05 140 133 

1 28 1 34 1L8.5 

145 155 165 

Note: Testing to the cr i t ica l  vibration o r  acoustic environment shAl l  be 

as stated i n  Reference ( 6 )  o r  as called out i n  the SCD. 
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